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Foreword

The Intergovernmental Panel on Climate Change (IPCC) was
jointly established by the World Meteorological Organization
and the United Nations Environment Programme in 1988, in
order to (i) assess available scientific information on climate
change, (ii) assess the environmental and socioeconomic
impacts of climate change, and (iii) formulate response strate-
gies. The IPCC First Assessment Report was completed in
August 1990, and served as the basis for negotiating the UN
Framework Convention on Climate Change. The IPCC also
completed its 1992 Supplement and “Climate Change 1994:
Radiative Forcing of Climate Change and an Evaluation of the
IPCC 1S92 Emission Scenarios” to assist the Convention
process further.

In 1992, the Panel reorganized its Working Groups II and III
and committed itself to complete a Second Assessment in
1995, not only updating the information on the same range of
topics as in the First Assessment, but also including the new
subject area of technical issues related to the economic aspects
of climate change. We applaud the IPCC for producing its
Second Assessment Report (SAR) as scheduled. We are con-
vinced that the SAR, as the earlier IPCC reports, would
become a standard work of reference, widely used by policy-
makers, scientists, and other experts.

This volume, which forms part of the SAR, has been produced
by Working Group II of the IPCC, and focuses on potential
impacts of climate change, adaptive responses, and measures
that could mitigate future emissions. It consists of 25 chapters
covering a wide range of ecological systems and socioeconomic
sectors and activities. It also includes brief descriptions of three
appendices—two sets of guidelines or methodologies for
assessing the potential efficacy of adaptation and mitigation
strategies, and an inventory of technology databases and infor-
mation. The appendices themselves have been or are being
published in full as separate stand-alone volumes.

As usual in the IPCC, success in producing this report has
depended upon the enthusiasm and cooperation of numerous
busy scientists and other experts world-wide. We are exceed-
ingly pleased to note here the very special efforts implemented

G.O.P. Obasi

Secretary-General
World Meteorological Organization

by the IPCC in ensuring the participation of experts from the
developing and transitional economy countries in its activities,
in particular in the writing, reviewing, and revising of its
reports. The experts have given of their time very generously,
and governments have supported them in the enormous intel-
lectual and physical effort required, often going substantially
beyond reasonable demands of duty. Without such conscien-
tious and professional involvement, the IPCC would be great-
ly impoverished. We express to all these experts, and the gov-
ernments who supported them, our grateful and sincere appre-
ciation for their commitment.

We take this opportunity to express our gratitude for nurturing
another IPCC report through to a successful completion to:

e  Professor Bolin, Chairman of the IPCC, for his able
leadership and skillful guidance of the IPCC

e The Co-Chairs of Working Group II, Dr. R.T. Watson
(USA) and Dr. M.C. Zinyowera (Zimbabwe)

e The Vice-Chairs of the Working Group, Dr. M.
Beniston (Switzerland), Dr. O. Canziani (Argentina),
Dr. J. Friaa (Tunisia), Ing. (Mrs.) M. Perdomo
(Venezuela), Dr. M. Petit (France), Dr. S.K. Sharma
(India), Mr. H. Tsukamoto (Japan), and Professor P.
Vellinga (The Netherlands)

e Dr. R.H. Moss, the Head of the Technical Support
Unit of the Working Group, and his staff including
Mr. David Jon Dokken, Ms. Flo Ormond, Ms. Sandy
MacCracken, and Ms. Laura VanWie, as well as Mr.
Shardul Agrawala, Ms. Melissa Taylor, and Ms. Anne
Tenney, who served as interns for various periods
with the Technical Support Unit

e Dr. N. Sundararaman, Secretary of the [PCC, and his
staff including Mr. S. Tewungwa, Mrs. R. Bourgeois,
Ms. C. Ettori, and Ms. C. Tanikie.

Ms. E. Dowdeswell

Executive Director
United Nations Environment Programme



Preface

In June 1993, Working Group II of the Intergovernmental
Panel on Climate Change (IPCC) was asked to review the
state of knowledge concerning the impacts of climate change
on physical and ecological systems, human health, and socio-
economic sectors. Working Group II also was charged with
reviewing available information on the technical and econom-
ic feasibility of a range of potential adaptation and mitigation
strategies.

This volume responds to this charge and represents a tremen-
dous achievement—the coordinated contributions of well over
a thousand individuals from over 50 developed and developing
countries and a dozen international organizations. It includes
introductory “primers” on ecological systems and energy pro-
duction and use; 25 chapters, covering both vulnerability to
climate change and options for reducing emissions or enhanc-
ing sinks; and three appendices that inventory mitigation tech-
nologies and delineate methodologies for assessing impacts/
adaptations and mitigation options.

The chapters provide an overview of developments in our sci-
entific understanding since the first IPCC assessments of
impacts and response options in 1990, and the supplemental
IPCC assessments of 1992. Uncertainties are described, with
an eye for identifying both policy significance and research
opportunities. In presenting this information, each team of
authors has sought to communicate its findings in way that is
useful to decisionmakers, research managers, and peers within
their field of research; we hope that these audiences, in addi-
tion to educators and the general public, will find this volume
useful.

Approach of the Assessment

From the earliest stages of the process, participants in the
assessment understood the need to confront the fact that confi-
dence in regional projections of temperature, precipitation, soil
moisture, and other climate parameters important to impacts
models remains low, that uncertainty increases as scale
decreases, that patterns of climate change are interwoven with
climate variability, and that regional patterns are likely to be
affected by both greenhouse gases and anthropogenic aerosols,
the latter of which are only now beginning to be incorporated
into transient GCM simulations. To provide useful information
to decisionmakers, Working Group II needed to find a way to
distinguish between uncertainties arising from remaining ques-
tions about the responses of systems to a given level or rate of
climate change and uncertainties related to the regional-scale cli-
mate projections themselves. Consequently, Working Group II
decided to focus on assessing the sensitivity and vulnerability of
systems to a range of climate changes, and only then, having

identified response functions and/or potential thresholds, on
evaluating the plausible impacts that would result from a par-
ticular regional climate scenario. In essence, the approach first
sought to clarify what was known and unknown about three
distinct issues before applying regional climate scenarios to
estimate potential impacts. These issues were:

e How sensitive is a particular system to climate
change—that is, in simplified terms, how will a sys-
tem respond to given changes in climate? Given the
wide range of systems reviewed in this assessment,
these relationships are described in a variety of forms,
ranging from specification of quantitative functional
relationships for some systems (e.g., climate-yield
models for agriculture, rainfall-runoff models for
hydrological systems, models of energy demand for
heating or cooling driven by temperature change) to
more qualitative relationships for other systems.

e How adaptable is a particular system to climate
change —that is, to what degree are adjustments pos-
sible in practices, processes, or structures of systems
in response to projected or actual changes of climate?
This issue is important for both ecological and social
systems because it is critical to recognize that both
types of systems have capacities that will enable them
to resist adverse consequences of new conditions or to
capitalize on new opportunities. Adaptation can be
spontaneous or planned, and can be carried out in
response to or in anticipation of changes.

e Finally, how vulnerable is a system to climate
change —that is, how susceptible is it to damage or
harm? Vulnerability defines the extent to which cli-
mate change may damage or harm a system. It
depends not only on a system’s sensitivity but also on
its ability to adapt to new climate conditions. Both the
magnitude and rate of climate change are important in
determining the sensitivity, adaptability, and vulnera-
bility of a system.

Building on this sensitivity/vulnerability approach, the chap-
ters of the assessment distinguish, to the extent possible, uncer-
tainties relating to remaining questions about the sensitivity,
adaptability, or vulnerability of systems to climate change from
uncertainties related to the particular regional climate scenar-
ios used in their estimation of potential impacts.

Levels of Confidence
In the course of the assessment, Working Group II also devel-

oped a common approach to describe the levels of confidence
that author teams were asked to assign to the major findings in
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the executive summaries of their chapters. Several approaches
were considered, and the lead authors finally selected a
straight-forward, three-tiered structure:

*  High Confidence—This category denotes wide agree-
ment, based on multiple findings through multiple
lines of investigation. In other words, there was a high
degree of consensus among the authors based on the
existence of substantial evidence in support of the
conclusion.

*  Medium Confidence—This category indicates that
there is a consensus, but not a strong one, in support
of the conclusion. This ranking could be applied to a
situation in which an hypothesis or conclusion is sup-
ported by a fair amount of information, but not a suf-
ficient amount to convince all participating authors,
or where other less plausible hypotheses cannot yet be
completely ruled out.

e Low Confidence—This category is reserved for cases
when lead authors were highly uncertain about a par-
ticular conclusion. This uncertainty could be a reflec-
tion of a lack of consensus or the existence of serious
competing hypotheses, each with adherents and evi-
dence to support their positions. Alternatively, this
ranking could result from the existence of extremely
limited information to support an initial plausible idea
or hypothesis.

Readers of the assessment need to keep in mind that while the
confidence levels used in the report are an attempt to commu-
nicate to decisionmakers a rough sense of the collective judg-
ment by the authors of the degree of certainty or uncertainty
that should be associated with a particular finding, they are an
imperfect tool. In particular, it should be noted that assigning
levels of confidence to research findings is a subjective
process; different individuals will assign different levels of
confidence to the same findings and the same base of evidence
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because they demand different standards of proof. Moreover,
there are multiple sources of uncertainty, some of which are
difficult to identify with precision, leading different individu-
als to make different judgments. Finally, the amount of evi-
dence that an individual will require to view a finding as “well-
established” has been shown to be higher for findings that have
high consequence than for findings of lesser consequence or
for which less is at stake.
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